Objective: To systematically review and analyse data from cohorts of people who inject drugs (PWID) to improve existing estimates of non-AIDS mortality used to calculate mortality among PWID in the Spectrum Estimates and Projection Package.
Introduction
Compared to their non-drug using peers, people who inject drugs (PWID) are at an elevated risk of mortality from both acute and chronic diseases, many of which are related to their drug use. Much of this excess mortality is attributable to fatal drug overdose and from HIV and other blood-borne viruses transmitted through injecting drug use [1] .
Longitudinal studies of PWID provide an opportunity to examine the magnitude, nature and correlates of mortality risk among this group. Previous reviews of drug user cohorts suggest those who are dependent on opioids (both injectors and non-injectors) may have higher mortality rates to those drug users who are dependent on stimulant drugs such as cocaine and amphetamine-type stimulants [2] [3] [4] .
In a recent systematic review, in 2013, we identified cohort studies of PWID to examine mortality rates and causes of death in this group [5] . We performed randomeffects meta-analyses to derive pooled crude mortality rates (CMRs) and standardized mortality ratios (SMRs), and examined participant and study-level variables associated with higher risk of death from all causes and supplementary analyses looking at overdose and AIDSrelated mortality. We found AIDS and drug overdose to be the primary causes of death among PWID, and whereas CMRs varied across different settings, overall they were higher in low and middle-income countries (LMICs) compared to high-income countries (HICs).
We undertook a further review and analysis of cohorts of PWID, specifically to examine non-AIDS mortality among HIV-positive and HIV-negative individuals, in an effort to improve existing estimates of mortality used in the UNAIDS Spectrum Estimates and Projection Package model to calculate mortality among PWID.
Methods
For the original review, tailored search strings were used to search Medline, EMBASE and PsychInfo (search terms and strategies have been described previously [5] ). Grey literature reporting on mortality was identified using online grey literature databases, library databases and general online searches; the complete list of websites reviewed is provided in a previously published technical report [6] . For the current analysis, we updated the literature search to identify any additional studies published in the period since the earlier review was completed, searching specifically for studies providing data on non-AIDS-related deaths.
Reported CMRs and SMRs were extracted along with information on the location of study, recruitment and duration of study follow-up period, number of people in the cohort, percentage of cohort who injected drugs, person-years of follow-up, number of deaths overall and by cause of death. CMRs reported by sex, HIV status, drug injected and opioid substitution therapy (OST) status were also extracted; OST has been demonstrated to reduce mortality among opioid-dependent PWID [2, 7] . In a number of cases where standard errors, confidence intervals (CIs) or CMRs were not reported, these were estimated using standard calculations with data that were provided. For the current updated analysis, all studies were reviewed to extract relevant cause of death data to determine non-AIDS-related deaths.
Meta-analyses were performed to derive pooled estimates across cohorts, where data permitted, for the following: non-AIDS CMR among PWID; non-AIDS CMR among male PWID; non-AIDS CMR among female PWID; non-AIDS CMR among HIV-negative PWID; non-AIDS CMR among HIV-positive PWID; non-AIDS CMR among PWID on OST and non-AIDS CMR among PWID off OST.
Within studies, ratios for CMRs were calculated by the following paired sub-groups, and pooled ratios across the studies were again derived using meta-analyses: ratio of non-AIDS CMRs in HIV-negative versus HIV-positive PWID; ratio of non-AIDS CMRs in male versus female PWID; ratio of non-AIDS CMRs during periods on OST versus off OST.
For each of these analyses, in addition to estimating CMRs across all studies, pooled estimates by country income group and by geographic region were also calculated. Countries were categorized as either 'high income' or 'low and middle income' based on World Bank categories [8] .
When the number of deaths within a sub-group was zero and CMR, standard error and risk ratios were rendered indeterminate, we set the number of deaths at 0.5 to allow inclusion of these groups in comparative analyses.
Meta-analyses were performed using the 'metan' command in STATA version 12.1 [9] . The 'metan' command uses inverse-variance weighting to calculate random-effects pooled summary estimates, confidence limits, a test for true differences between study effects and an estimate of between-study variance [10, 11] . The random-effects model, which allows heterogeneity between and within studies, was applied to all analyses after an a priori decision was made about the marked differences between the study samples, confirmed by observing the heterogeneity chi-square and I-squared statistics.
Results
Our original review included 67 cohort studies [5] ; the updated literature search yielded one additional study eligible for inclusion [12] . Of these studies, a total of 42 reported data on cause of death, specifically non-AIDSrelated mortality. Table 1 presents a summary of these studies. With the exception of 5 cohorts [47] [48] [49] [50] [51] , all were from HICs, including 22 cohorts from European countries, 7 from North America, 4 from Australia and 1 from Taiwan. The cohorts included ranged in size from 100 to over 42 000 participants, contributing a total of 929 238 person-years of follow-up. Men formed the majority of participants in all the studies (median 74% men). Cohorts varied markedly across a number of important characteristics, including: the location of recruitment, whether through drug treatment services, prison, or via 'community'-based recruitment; HIV prevalence at baseline; the extent of exposure to effective drug treatment; and availability of antiretroviral therapy (ART) to the cohorts.
Opioids were reported as participants' sole primary drug of injection in the majority of studies (n ¼ 20), 13 cohorts included both stimulant and opioid users and 1 Brazilian study included stimulant users only. It was, however, commonly noted in study descriptions that poly-drug use was likely to occur.
Twenty-one studies reported non-AIDS mortality disaggregated by HIV status at baseline, 22 provided data disaggregated by sex and 7 reported on mortality for periods on and off OST. Results from the analyses of non-AIDS-related mortality are presented in the remainder of this study.
There was substantial variability in non-AIDS mortality between studies (Fig. 1) . The results of meta-analyses examining non-AIDS mortality among cohorts of PWID are presented in A total of 21 studies reported data on non-AIDS mortality disaggregated by sex; 2 of these studies included men only [48, 51] . Non-AIDS CMRs were greater for male than for female PWID in 14 out of the 19 cohorts that included PWID of both sexes (Table 2 ). In the five studies in which women had greater non-AIDS CMRs than men, these differences were not statistically significant (at 95% CI). Pooled across the 19 studies that allowed the comparison, non-AIDS CMRs were 1.34 times greater among male PWID than among female PWID (95% CI 1.142, 1.570). Pooled estimates of these rate ratios were greater than 1 for HICs and LMICs, and across all regions.
Twenty-one studies reported non-AIDS mortality disaggregated by participants' HIV status. In the majority of these studies, individuals were assigned to HIV-positive or HIV-negative groups based on their HIV status measured at baseline. Four studies were of cohorts comprising HIVpositive participants only [19, 35, 42, 45] . Notably, in five studies, a number of AIDS-related deaths were reported among individuals who were recorded as HIV-negative at S438 AIDS 2014, Vol 28 (Suppl 4) The proportion of patients who were injectors was not reported but was assumed to at least 70 percentage due to the predominance of this route of administration among opioid dependent people in this country.
baseline. Across the 16 studies from which data were available, the non-AIDS crude mortality was 1.5 times higher among HIV-positive than HIV-negative PWID (95% CI 1.14, 1.96) [25, 33, 43, 47, 51] (Table 3 ). This held true across pooled HICs and LMICs, Western Europe and Asia; in the three North American studies included [43, 46, 52] and a single Italian study [27] , CMRs were higher among HIV-negative than HIV-positive PWID.
Seven studies reported non-AIDS mortality separately for periods during which individuals received OST and when not-receiving OST [7, 12, 13, [35] [36] [37] 53] . Mortality during time spent on OST was significantly lower than time spent off OST (CMR ratio 0.31; 95% CI 0.18, 0.54) ( Table 3 ).
Discussion
We found 42 cohort studies of PWID, from 18 countries, reporting data on non-AIDS mortality. The cohorts varied markedly in terms of recruitment methods, HIV prevalence and the pattern of drug use among the cohort, the period in which people were followed up, and likely exposure to effective treatment for drug dependence and HIV. It is highly likely that these differences, along with variation in other characteristics both within and between cohorts, were responsible for the substantial heterogeneity observed in all the analyses of non-AIDS mortality conducted for this study.
Our findings suggest non-AIDS CMRs are considerably lower in HICs than in less wealthy countries. In our previous analysis of all-cause mortality, although differences in pooled CMRs between country income groups were statistically significant, pooled SMRs were not. We posited that the higher CMRs observed in LMICs may reflect higher overall mortality in the general population in these countries, which is adjusted for through the calculation of SMRs [5] . It is possible that differences in mortality rates in the general population between HICs and LMICs contribute to the differences observed for pooled non-AIDS CMRs here.
It is important to note that data on non-AIDS mortality were available from only five studies in middle-income countries. These are unlikely to be representative of the diversity in risk and mortality present across LMICs.
The pooled regional estimates suggest rates of non-AIDSrelated mortality might be lower among PWID in Australasia compared to other regions and substantially higher in Asia, but again, the limited number of studies from regions outside of North America and Western Europe do not allow robust regional comparisons.
Mortality from causes other than AIDS appears to be consistently higher among men compared to women who inject. The same direction of difference in mortality between men and women was also seen in the previous analysis examining all-cause mortality. Of note is the observation from that analysis that while pooled all-cause CMRs were higher for men than for women, all-cause SMRs were higher for women than for men, suggesting that women who inject experience much higher rates of excess mortality relative to their age-matched non-drugusing peers than is the case for men who inject.
People who inject drugs, who are HIV-positive, appear to experience substantially greater levels of mortality from non-AIDS-related causes then HIV-negative PWID. Explanations for such a difference were unable to be explored directly through the current analysis. Further research to understand this observation might examine whether or not HIV-positive PWID have poorer physical health, are more likely to experience social disadvantage or are more likely to engage in various risky behaviours that might contribute to HIV acquisition as well as fatal outcomes such as drug overdose.
The review also found that OST reduces non-AIDS mortality risk during periods when individuals were receiving treatment. Previous research has also shown that specific periods in and out of treatment vary in risk, with the first weeks in or out of treatment being the riskiest for elevated mortality [7] . Although it is known that OST availability varies considerably across countries, the data on OST coverage are limited at best [54] , and typically cannot be extrapolated back to the periods in which these cohort studies were undertaken, making it difficult to make pooled estimates of the potential variation in non-AIDS mortality according to country-level OST coverage.
Examining differences in mortality from cohort studies is subject to a number of limitations. The studies identified for inclusion in the current analysis were predominantly from HICs, in particular, countries in Western Europe. It would clearly be unwise to assume that mortality is consistent across populations of injectors, pointing to a need for new research in countries where injecting is known to occur, but little or no research has examined this.
The occurrence of AIDS-related deaths among those designated HIV-negative in a number of studies highlights the limitation of relying on HIV status measured at baseline only. This results in those who contract HIV during the follow-up period being assigned to the HIVnegative group for the duration of the study. Future research in this area would benefit from assessing and recording individuals HIV status at multiple time points. Ascertaining cases of death within a cohort can also present challenges, particularly in settings without established death notification and registration systems. Reliable information on cause of death may also be unavailable and misattribution of AIDS or non-AIDSrelated causes may occur.
The cohorts included in this analysis spanned significant eras of the HIV epidemic including the introduction, increasing availability and improving efficacy of ART, progress which has had an enormous impact on morbidity and survival among people living with HIV.
Few of the studies included in this review met endorsed criteria for reporting cohort studies (such as the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) consensus statement [55] ). Important data, including standard parameters such as 'person years of follow-up', were for many studies inconsistently reported, absent or could not easily be calculated, particularly for estimates disaggregated by different characteristics.
Searches to identify studies of this nature in the peerreviewed literature are fallible. Recent research may be difficult to access, given the typical delay from when research is conducted to being published in peerreviewed journals. There is also a well recognized under-representation of research from LMICs in the peer-reviewed literature [56, 57] . As described for our earlier review, we attempted to address these limitations by using multiple methods to source literature including surveying a broad network of experts in the field about unpublished studies. We primarily reviewed Englishlanguage documents, though the abstracts of non-English language peer-reviewed articles were reviewed when available in English and translation was undertaken when papers appeared relevant.
We also draw attention to the limitations of using metaanalytical methods to aggregate results from observational studies. These methods were originally developed for synthesizing findings from randomized controlled trials, which have the benefit that preconditions and sample factors that might influence observed outcomes can be controlled or adjusted for [58] . Controlling such factors is not possible in observational studies, and as highlighted, the settings and characteristics of the cohorts included in the current review are diverse. Recognizing this marked heterogeneity, we sought to explore factors important to mortality by looking at within-study differences between groups (by sex, HIV status and OST exposure) and then pooling the relative differences across studies.
To better examine the potential for non-AIDS mortality to be higher among HIV-positive injectors, there is a need for cross-national work involving more sophisticated analyses of these kinds of longitudinal cohorts. This might involve the development of consortia of cohort investigators across varied countries who would pool harmonized data across cohorts, and examine multiple issues including but not limited to competing risk analyses of non-AIDS and HIV-related mortality, and better investigation of potential sources of confounding.
In conclusion, non-AIDS-related causes of death and drug overdose in particular remain significant contributors to the high levels of mortality experienced by PWID. A comprehensive response to injecting drug use must include efforts that are effective in reducing mortality by these causes. Non-AIDS-related mortality should be considered in estimates of disease burden and in projections of survival among PWID.
Current knowledge about mortality among PWID is largely informed by evidence from HICs. Data that are available suggest substantial differences in mortality between HICs and LMICs. Multiple factors are likely to contribute to the differing levels of risk observed and warrant further investigation in these neglected settings.
Across a diversity of settings, men who inject drugs and PWID who are HIV-positive are at elevated risk of non-AIDS mortality compared to women and HIV-negative PWID, respectively. The limited number of studies and the marked heterogeneity of the cohorts considered in this review, however, limit our ability to make generalizable assertions, quantifying the risk conferred by these factors.
Exposure to OST significantly reduces non-AIDS mortality and remains essential to an effective and comprehensive public health strategy, addressing injecting drug use that must also be responsive to identified risk.
